TITLE OF THE INVENTION 
LIQUID CRYSTAL DISPLAY DEVICE AND DRIVING METHOD THEREOF 



BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

This invention relates to a liquid crystal display device 
and its driving method, more specifically, to a liquid crystal 
display device and its driving method employing the horizontal 
line inverting method. 
10 DESCRIPTION OF THE RELATED ART 

In general, the AC driving method is employed in liquid 
crystal display devices. This is because the useful life becomes 
fy I short if the liquid crystal layer is driven with DC voltage. 

Also well known as a driving method for reducing flicker during 
15 AC driving is the horizontal line inverting method that inverts 
polarity at every unit horizontal synchronization cycle (1H 
cycle) . 

For example, as shown in FIG. 1, a liquid crystal display 
device using this prior art driving method has a switching 
20 circuit 107 that switches the outputs from a first standard 

voltage generating circuit 106a that generates positive-polarity 
standard voltage and a second standard voltage generating circuit 
106b that generates negative-polarity standard voltage, in 
synchronization with the synchronization signal provided by a 
25 control circuit 101. The output of the switching circuit 107 is 
connected in common to a plurality of horizontal drivers 103 
connected to the signal lines of a liquid crystal panel 105. 

The control circuit 101, responding to the input data for 



the image displayed on the liquid crystal panel 105, makes the 
horizontal drivers 103 apply the voltagie provided from the first 
standard voltage generating circuit 106a to the liquid crystal 
panel 105, corresponding to the input gradation data for a unit 
5 1H cycle. During the subsequent 1H cycle, it makes the 

horizontal drivers 103 apply the voltage provided from the second 
standard voltage generating circuit 106b to the liquid crystal 
panel 105* 

Further, the control circuit 101 makes a common voltage 
10 generating circuit 104 apply a common voltage to the liquid 

crystal panel 105. To the electrode of each pixel in the liquid 
crystal panel 105, the horizontal driver 103 supplies a signal 
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Hi voltage corresponding to the gradation data when a vertical 
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driver 102 has chosen a scanning line. Meanwhile, the common 
15 voltage generating circuit 104 provides the common voltage for 



the common electrode opposing this pixel electrode. Then an 



image of gradation corresponding to the voltage gap between the 
pixel electrode and the common electrode is displayed on the 
liquid crystal panel 105. This common voltage is inverted at 
20 every 1H cycle and supplied to the liquid crystal panel 105 in 
order to enlarge the effective voltage applied to each pixel of 
the liquid crystal panel 105. The AC driving of the liquid 
crystal panel is performed by this line inversion at every 1H 
cycle. 

25 The gradation- y correction voltage relation of a liquid 

crystal display device is shown in FIG. 2A. The dotted line 
represents the gradation- 7 correction voltage relation that does 
not take into account the applied voltage-transmittance property 
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of the liquid crystal layer, while the solid line represents the, 
gradation- 7 correction voltage relation incorporating correction 
that has taken into account the applied voltage-transmittance 
property of the liquid crystal layer. Since the applied voltage- 
5 transmittance property of the liquid crystal layer is not 
represented with a straight line or is not linear, driving 
voltage is applied to the liquid crystal panel based on the 
gradation- 7 correction voltage relation denoted with the solid 
line in the diagram in order to realize gradation display 
10 corresponding to the input data in actual liquid crystal display 

N 5 devices . 

□ • . 

Q If 7 -correction voltage is applied to the liquid crystal 

M 

fy panel 105 of the prior art liquid crystal display device shown in 

CP -' 

fg FIG. 1 based on the gradation- 7 correction voltage relation 
^ 15 represented by the solid line, the applied voltage will be VF for 

y gradation XI, while VG for gradation X2 during the following 1H 

Q cycle. Then the effective voltage applied to the liquid crystal 
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layer of the liquid crystal panel 105 will be |VF-VC| and |VG-VC|, 
respectively. Note that VC represents the common potential 

20 supplied to the common electrode opposing the pixel electrode. 
As a result, the effective voltage levels (F, G) differ from each 
other between a 1H cycle and the subsequent 1H cycle, as shown in 
FIG. 2B. This is the cause of flicker. 

Besides, the circuit structure becomes complex in the 

25 prior art liquid crystal display device shown in FIG. 1 because 
the switching circuit 107 selects either standard voltage 
generating circuit 106a or 106b each generating positive- or 
negative-polarity standard voltage so as to supply standard 
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voltage to the horizontal drivers 103. Also because the power 
source voltage Vcc for the standard voltage generating circuits 
106a, 106b is very high, the switching circuit 107 must withstand 
high voltage. Then the device cost will be high. 

5 

SUMMARY OF THE INVENTION 
The object of the present invention is to provide a liquid 
crystal display device and driving method thereof that can reduce 
flicker with a relatively simple circuit structure by employing 
10 the line inversion driving technique. 

A liquid crystal display device according to the present 
invention includes a liquid crystal panel having a plurality of 



1 lJ scanning lines and a plurality of signal lines, a standard 

CP . ; 

frf. voltage generating circuit providing a plurality of standard 

1~ 15 voltages, a vertical driver that scans the scanning lines of said 

liquid crystal panel one after another, a horizontal driver that 
y . receives the plurality of standard voltages provided from said 

yj 

O standard voltage generating circuit and supplies gradation 

voltage to the signal lines of said liquid crystal panel, and a 
20 control circuit that creates gradation data by inverting a 

polarity of input data for each horizontal synchronization cycle 
and controls the horizontal drivers so as to apply standard 
voltage corresponding to said gradation data to the liquid 
crystal panel. A gradation- y correction voltage relation used by 
25 said control circuit for gradation display is symmetrical with 

respect to a point in a center between a top gradation step and a 
bottom gradation step. 

In this liquid crystal display device, the gradation- y 
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correction voltage relation is represented with a straight line 
and the horizontal driver applies 7 correction voltage to the 
liquid crystal panel in response to the input gradation data to 
meet such a relation. The gradation- y correction voltage 
relation may not be represented with a straight line but, for 
example, a curved line or a polygonal line. 

Such input data is, for example, digital data and the 
control circuit creates polarity-inverted gradation data by 
inverting each bit in the digital data. 

Besides, if the standard voltage generating circuit has a 
ladder resistance, the gradation- y correction voltage relation 
can be determined by setting the resistance values of the ladder 
resistance . 

A driving method of a liquid crystal display device 
according to the present invention includes the steps of 
supplying a plurality of standard voltages to horizontal drivers 
of a liquid crystal panel and scanning the liquid crystal panel 
with a vertical driver by inverting a polarity of input data for 
each line for displaying gradation. Said gradation- 7 correction 
voltage relation used in displaying gradation is symmetrical with 
respect to a point in a center between a top gradation step and a 
bottom gradation step. 

In this case, the gradation- 7 correction voltage relation 
is represented with a straight line, and the horizontal drivers 
apply 7 correction voltage to the liquid crystal panel in 
response to the input gradation data to meet the relation. 

The gradation- 7 correction voltage relation may not be 
represented with a straight line but, for example, a curved line 
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or a polygonal line. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram illustrating a prior art liquid 
crystal display device; 

FIG. 2A is a graph showing the gradation- 7 correction 
voltage relation used in the driving method for the prior art 
liquid crystal display device, and FIG. 2B is a waveform diagram 
showing the signals supplied to the liquid crystal panel based on 
the prior art driving method; 

FIG. 3 is a block diagram illustrating the liquid crystal 
display device according to a first embodiment of the invention; 

4A is a graph showing the gradation- y correction 
voltage relation used in the driving method for the liquid 
crystal display deviqe according to the first embodiment of the 
invention , and FIG. 4B i^sa waveform diagram showing the signals 
supplied to the liquid crystal^p^nel based on this driving 
method; and 

Fi^h>*>A is a graph showing the gradation- y correction 
voltage relation xts^d in the driving method for the liquid 
crystal display device absQrding to the second embodiment of the 
invention; and FIG. 5B is a wavefoim diagram showing the signals 
supplied to the liquid crystal panel basefr-oq^this driving method. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Now, embodiments of the present invention will be described 
in detail with reference to the accompanying drawings. FIG. 3 is 
a block diagram illustrating a liquid crystal display device 
according to a first embodiment of the present invention. The 
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liquid crystal display device according to the present embodiment 
has a liquid crystal panel 5, a standard voltage generating 
circuit 6, a vertical driver 2, a plurality of horizontal drivers 
3, and a control circuit 1. The liquid crystal panel 5 is 
equipped with a plurality of scanning lines and a plurality of 
signal lines. The standard voltage generating circuit 6 provides 
a plurality of standard voltages. The vertical driver 2 scans 
the scanning lines of the liquid crystal panel 5 one after 
another. The plurality of horizontal drivers 3 supply gradation 
voltage to the signal lines of the liquid crystal panel 5 
receiving the plurality of standard voltages from the standard 
voltage generating circuit 6. The control circuit 1 creates 
gradation data by inverting the polarity of the input data for 
each unit horizontal synchronization cycle and then controls the 
horizontal drivers 3 so as to provide the liquid crystal panel 5 
with standard voltage corresponding to gradation data. 

The standard voltage generating circuit 6 has a ladder 
resistance connected in between the power source voltage Vcc and 
the standard voltage and supplies 11-levels of standard voltage 
V0-V10 to the plurality of horizontal drivers 3. 

The control circuit 1 receives the digital input data of n- 
bit and controls the horizontal driver 3 so that it supplies 
voltage corresponding to this input data to the liquid crystal 
panel 5 based on the above standard voltage during one horizontal 
synchronization cycle (1H cycle). Further, the control circuit 1 
creates polarity-inverted gradation data by inverting polarity of 
each bit of the input data and, during the subsequent 1H cycle, 
makes the horizontal drivers 3 provide the signal lines of the 
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liquid crystal panel 5 with voltage corresponding to the created 
gradation data based on the above standard voltage. For example , 
in the case of 64-step gradation, if the gradation XI for a 1H 
cycle is three (3), 60 is obtained as the gradation X2 for the 
subsequent 1H cycle by inverting each bit of this 6-bit XI (3). 
If the gradation X2 for a 1H cycle is 60 , the gradation X2 for 
the subsequent 1H cycle becomes three (3) when each bit of this 
6 -bit data X2 (60) is inverted. 

In addition, the control circuit 1 outputs signals of which 
levels are inverted for each 1H horizontal synchronize cycle. A 
common voltage output circuit 4 amplif ies the level-inverted 
signals and provides them as the common voltage for the common 
electrode opposing the pixel electrode of the liquid crystal 
panel 5. If this common voltage is level-inverted as well, the 
effective voltage applied to the liquid crystal layer of the 
liquid crystal panel 5 can be raised. 

FIG. 4A is^a graph demonstrating the gradation- 7 
correction voltage relation used in driving the liquid crystal 
display device according to the first embodiitient of the 
invention; and FIG. 4B is a waveform diagram showing the signals 
supplied to the liquid crystal panel during the operation based 
on the above driving method. 

The solid line in FIG. 4A shows the positive-polarity 
gradation- 7 correction voltage relation, while the dot-dash line 
shows the negative-polarity gradation- 7 correction voltage 
relation. In the present embodiment of the invention, the 
gradation- 7 correction voltage relation for gradation display is 
symmetric with respect to a point in the center between the top 
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gradation step and the bottom gradation step and can be 
represented with a straight line. To meet such relation between 
gradation and voltage, in response to the input gradation data, 
the horizontal drivers 3 apply y correction voltage to the signal 
lines of the liquid crystal panel 5. In the case of a 64-step 
gradation, the top gradation step is 63, while the bottom one is 
zero. 

The positive-polarity gradation- 7 correction voltage 
relation is referred to when generating 7 correction voltage to 
be applied during a 1H cycle for the input gradation data, while 
the negative-polarity gradation- 7 correction voltage relation is 
referred to when generating 7 correction voltage to be applied 
during the subsequent 1H cycle. For example, the applied voltage 
for displaying gradation XI will be VA with reference to the 
positive-polarity gradation- 7 correction voltage relation for a 
1H cycle, while that for the subsequent 1H cycle will be VB with 
reference to the negative-polarity gradation- y correction voltage 
relation. In this case, with VC being the central voltage of the 
level-inverted common voltage provided from the common voltage 
output circuit 4, the effective voltages applied to the liquid 
crystal layer of the liquid crystal panel 5 will be |VA-VC|, |VB- 
VC I , respectively for the 1H cycle and the subsequent 1H cycle . 
Since the gradation- 7 correction voltage relation is symmetrical 
with respect to a point, these absolute voltage differences (A, B) 
become equal to each other (A=B), as illustrated in FIG. 4B. 

Note that, as described above in the liquid crystal display 
device according to the present embodiment, polarity-inverted 
gradation data is created by inverting each bit of the input data 
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when the digital input signal of n-bit has been received. Then 
the voltage corresponding to the gradation data is supplied to 
the signal lines of the liquid crystal panel 5 based on the above 
standard voltage for the subsequent 1H cycle. As a result , it 
becomes possible to simplify the circuit structure, eliminating 
the necessity for preparing a separate standard voltage 
generating circuit for providing the negative-polarity gradation- 
y correction voltage relation. 

As described above according to the liquid crystal display 
device of the present invention, the structure of the standard 
voltage generating circuit 6 that generates standard voltage can 
be simplified because, the gradation display is performed with 
reference to the gradation- y correction voltage relation which is 
symmetrical with respect to a point in the center between the top 
gradation step and the bottom gradation step and because the 
control circuit 1 creates gradation data by inverting polarity of 
the input data for each one horizontal synchronize cycle and then 
applies the standard voltage corresponding to the gradation data 
to the liquid crystal panel 5. Moreover, the useful life of the 
liquid crystal panel 5 can be extended and its reliability can be 
augmented because the absolute voltage difference between the 
voltages applied to the pixel electrode and the common electrode 
does not change between a 1H cycle and the subsequent 1H cycle. 
Then flickers can be reduced because the absolute voltage 
difference is kept constant. 

Furthermore, in the driving method for the liquid crystal 
display device according to the present embodiment, the 
gradation- y correction voltage relation is symmetrical with 
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respect to a point in the center between the top gradation step 
and the bottom gradation step and the gradation- y correction 
voltage relation can be represented with a straight line. The 
horizontal drivers 3 apply y correction voltage to the signal 
5 lines of the liquid crystal panel 5 in response to the input 

gradation data so as to meet the gradation- y correction voltage 
relation. Then the absolute voltage differences applied to the 
pixel electrode and the common electrode become equal (A=B) 
during both a 1H cycle and the subsequent 1H cycle. Thereby the 

10 useful life of the liquid crystal panel 5 can be extended and its 
reliability can be augmented. Besides , flickers can be reduced 
because the absolute voltage difference is kept constant. 

Now a second embodiment of the present invention will be 
described below. This second embodiment has a feature that the 

15 gradation- y correction voltage relation takes into account the 
applied voltage-transmittance property of the liquid crystal 
layer. Since its circuit configuration is alinost the same as 
that for the first embodiment shown in FIG. 3, its detail 
description will not be referred to here. 

20 ^^^^^is a graph demonstrating the gradation- y 

correction voltage relations used in the driving method of the 
liquid crystal display^d^vice according to the present invention; 
and FIG. 5B is a waveform dis^am showing the signals supplied to 
the liquid crystal panel during th^operation based on this 

25 driving method. As shown in FIG. 5A in the. present embodiment, 
the gradation- y correction voltage relation is s sOTnmetrical with 
respect to a point in the center between the top gracte^ion step 
and the bottom gradation step, but not represented with a 
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straight line (in tkis embodiment, represented with a polygonal 
line) . The horizontal drivers 3 apply 7 correction voltage to 
the liquid crystal panel 5 in response to the input gradation 
data to meet the relation. This relation can be provided by 
changing the resistance ok each ladder resistance constituting 
the standard voltage generating circuit 6 of the liquid crystal 
display device shown in FIG. \. 

tvb the same manner as the first embodiment shown in FIG. 4A, 
the positive-polarity gradation- 7 correction voltage relation 
shown witnvthe solid line in FIG. 5A is referred to when 
generating y\correction voltage to be applied during a 1H cycle 
for the input gradation data, while the negative-polarity 
gradation- 7 correction voltage relation shown with the dot-dash 
line is referred toNwhen generating 7 correction voltage to be 
applied during the subsequent 1H cycle. For example, the applied 
voltage for displaying gradation X3 will be VD with reference to 
the positive-polarity gradation- 7 correction voltage relation for 
a 1H cycle, while that for tnfe subsequent 1H cycle will be VE 
with reference to the negative-polarity gradation- 7 correction 
voltage relation. In this case, me effective voltages applied 
to the liquid crystal layer of the Liquid crystal panel 5 will be 
|VD-VC|, |VE-VC|, respectively for the\lH cycle and the 
subsequent 1H cycle. Since the gradationV7 correction voltage 
relation is symmetrical with respect to a isine, these voltage' 
differences in absolute values (D, E) become ^qual to each other 
(D=E), as illustrated in FIG. 5B. \ 

This embodiment provides an advantage, in addition to the 
result attained in the first embodiment, that the line inversion 
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driving taking into account the applied voltage-transmittance 
property of the liquid crystal layer can be realized and then 
natural gradation can be realized on the liquid crystal display 
device. Besides, this advantage can be provided only by changing 
the individual values of the ladder resistances of the standard 
voltage generating circuit 6, with no need to add a separate 
circuit. Thus the increase in cost due to changes in circuit 
design is minimal. 

itie present invention has been described in details with 
resp^ctrtc Nrarious embodiments , and it will now be apparent from 
the foregoing\o those skilled in the art that changes and 
modifications may\be made without departing from the invention in 
its broader aspects /Sand it is the invention, therefore, in the 
appended claims to covek all such changes and modifications as 
fall within the true spirrfc of the invention. For example, the 
gradation- y correction voltage relation for use in displaying 
gradation is not limited those described in FIG. 4A and FIG. 5A 
but may be those represented with ofcJier curved lines and 
polygonal lines, instead of a straight\line, as far as it is 
symmetrical with respect to a point in tfte center between the top 
gradation step and the bottom gradation step^ 

As described above, the liquid crystal display device 
according to this invention makes it possible to simplify and 
downsize the circuit configuration of the standard voltage 
generating circuit. Since the switch that switches the high 
voltage provided from the standard voltage generating circuit has 
been eliminated, the circuit configuration can be simplified and 
reduced in size. The power consumption can also be saved because 
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there is no switch that works at high voltage. Besides, in the 
control circuit, the line inversion is performed at every 1H 
cycle based on the gradation- 7 correction voltage relation that 
is symmetrical with respect to a line in the center between the 
top gradation step and the bottom gradation step. As a result, 
the effective voltage applied to the liquid crystal layer is kept 
constant when polarity is inverted. Thus flickers are reduced. 

Furthermore, in the driving method for the liquid crystal 
display device according to the present invention, the line 
inversion is performed at every 1H cycle based on the gradation- 
y correction voltage relation which is symmetrical with respect 
to a line in the center between the top gradation step and the 
bottom gradation step. As a result, the effective voltage 
applied to the liquid crystal layer is kept constant when 
polarity is inverted. Thus flickers are reduced. 



